INTRODUCTION
Because of the importance of x-ray diagnostics in so many areas of physics research, the Lawrence Livermore Laboratory has assembled one of the most sophisticated, fully equipped x-ray calibration facilities in the country. Indeed, our X-Ray Calibration and Standards Laboratory is one of only a few such facilities in the world that can perform x-ray measurements throughout the 100-eV-to-100-keV energy range. This paper describes this facility--its x-ray generators, its radiation sources, its calibration capabilities (some of which are unique in the scientific community).
The x-ray measurements lab was originally build in support of LLL's nuclear weapons program. Our weapons work relies on a tremendous array of sophisticated x-ray detection and diagnostic devices, all of which must be precisely calibrated to very exact standards. Today, we still support the weapons effort, but we are also heavily involved in calibration work for the Laboratory's laser and magnetic fusion energy programs. X-ray diagnostics is proving to be one of the most effective methods for analyzing fusion plasmas. In addition, we calibrate x-ray detectors and spectrographs for a variety of biomedical, radiation-monitoring, and industrial radiography applications.
We can provide many levels of service to the xray community. Our scientific staff has extensive expertise in the general area of diagnostic techniques and carries out basic and applied research to improve existing technology. Current areas of research include: * Interaction of x-rays with matter. * X-ray spectroscopy. * Crystal fabrication and characterization. * Instrumentation development. * X-ray source development.
One of the unique features of our x-ray calibration facility is the computer complex supporting it. Nearly all of the data generated by our x-ray calibration equipment are processed using the main LLL computer network, one of the largest, most powerful computer networks in the world. Capabilities: Facility enables double-criticalangle reflector studies to be performed using subkilovolt x-rays. It can also be used to evaluate filters, thin windows, and reflectors. The large vacuum chamber will accommodate fairly large experimental setups. Both bremsstrahlung radiation and fairly monoenergetic x-rays are available.
Unique Features: * A large, evacuated, stainless steel experiment chamber. * A double-goniometer system. * Clean vacuum system that allows surface studies to be conducted. This facility uses a Picker Gemini 160-kV radiographic x-ray unit and a Seifert tungsten-anode x-ray tube head with a 0.025-cm-thick beryllium exit window. The primary x-ray beam from this tube is used to fluoresce one of ten selectable fluorescers. The fluorescent beam can then be filtered with absorption-edge filters to get a readily accessible, fairly monoenergetic, fluorescent x-ray beam.
Capabilities: Facility can be used to calibrate crystals in the 8-to-98-keV energy range using a 9-2C system. Energies are readily selectable and are fairly monoenergetic when absorption-edge filters are used. Intensity of the filtered fluorescent beam ranges from 106 to 107 x-rays/cm2-sec. Spectral purity and absolute flux are determined using either a scintillation detector or a high-resolution germanium detector.
Unique Features: * Crystal efficiencies determined easily.
* Very stable x-ray generator. * Mechanical design makes facility easy to operate. * Readily selectable energies. 
Low-Energy X-Ray Facility
This x-ray generator was designed and developed here at Livermore. It is used to produce monoenergetic, high-intensity x-ray beams in the 1.5-to-8-keV energy range. Electrons from an annular-shaped triode electron gun bombard one of nine individual watercooled targets that can be rotated into the electron beam. With appropriate filtration, each target provides a very intense source of fairly monoenergetic x-rays, whose intensity and spectral purity can be measured very accurately.
Capabilities: Facility has a detector-calibration chamber and a spectrometer chamber with a 0-20 Siemens goniometer. The high intensity (-109 x-rays/ cm2-sec) and high spectral purity (>95%) of the x-ray beam in the detector-calibration chamber makes this one of the best--if not the best--detector-calibration facilities in the world. The goniometer provides a means of calibrating crystals and devices employing crystals.
Unique Features: * Most intense-spectrally pure, steady-state xray source in the 1.5-to-8-keV energy range in the world. * Different energies quickly available from ninetarget array. * Intense bremsstrahlung x-ray beam also available. This facility uses a 75 kV, 36-mA generator in conjunction with a tungsten-anode x-ray tube with a 0.025-cm-thick beryllium exit window. The primary xrays from this tube are used to excite fluorescent xrays in a selectable metal foil positioned near the beryllium window. The fluorescent x-rays are then filtered, using kg absorption-edge filters, to produce a fairly monoenergetic x-ray beam, which can be measured to determine its absolute intensity as well as its spectral purity. Remote manipulators are available to position the detectors to be calibrated. 1422 Capabilities: Unit can deliver essentially monoenergetic beams (< 10% spectral contaimination) in the 8-to-98-keV energy region, with the intensity of the accessible beam ranging from 106 to 107 x-rays/cm2-sec.
Absolute photon fluxes are determined by counting methods and precisely known geometries.
Fiqure 7. Picker 160-kV Detector-Calibration Facility 
Foil-Calibration Facility
This facility uses radioactive sources in conjunction with high-resolution detectors to measure the xray transmission of thin foils. With a computer code, this information is used to compute the x-ray thickness of these foils.
Capabilities: Facility can be used to measure the x-ray thickness of typical filter/fluorescer foils from 3 to 15 keV or from 20 to 120 keV, depending on the radioactive source used.
Unique Features: * Facility is fully automated.
* Many foils (14 maximum) can be loaded at once.
* X-ray thickness can be measured to within +2% for typical foils. 705) is a Marx generator system used to charge a group of capacitors in parallel to a high voltage and then discharge them in series to provide a short, high-voltage pulse, which is then applied to a fieldemission cathode tube to produce a short pulse of energetic electrons. The resulting pulsed electron beam can be used directly or it can be converted to x-rays by having the electrons strike a metal target.
Capabilities: Unit produces a 20-nsec, fullwidth-at-half-maximum pulse of electrons with a maximum energy of 2 MeV. Dose rate is 3 x 1011 roentgens/ sec, and total energy per pulse in approximately 400 J.
Unique Features: * Short-pulse, high-intensity x-ray or electron source.
* Easily accessible radiation beam.
* Short turnaround time between exposures (about 3 min).
* Relatively low maintenance. This high-intensity, subkilovolt x-ray calibration source uses proton-induced inner-shell atomic fluorescence of low-Z elements. The high photon yields and low bremsstrahlung background associated with this phenomenon are ideally suited to provide an intense, nearly monoenergetic, x-ray calibration source for detector-development applications. The proton accelerator is a 3-mA, 300-kV Cockroft-Walton machine using a conventional rf hydrogen-ion source. Seven remotely selectable liquid-cooled targets are used to provide characteristic x-rays with energies between 100 and 1000 eV.
Capabilities: Facility incorporates a detectorcalibration chamber and a spectrometer chamber employing a 0-20 omega-drive Siemens goniometer. X-ray energies from 100 to 1000 eV are available. Maximum source strength is about 1013 to 1014 x-rays/sec.
Detectors can be placed as close as 25 cm, but 90 cm is normal. With minor modifications, facility can also be used to produce an electron beam. In addition, it can accelerate other ions and can easily be adapted for ion-implantation studies. All of these features give the facility a wide range of basic physics applications.
Unique Features: * Most intense, spectrally pure, steady-state subkilovolt x-ray generator in the world. * Different energies available from seven-target array. * Has 0-20 omega-drive goniometer. This facility has four Co60 sources all contained in one shielded room with remote controls in an adjacent room. Control room also has electronic equipment with which to monitor radiation intensity and output current from detectors being calibrated. A closed-circuit TV system is also part of the facility. Capabilities: Intensities of the four Co60 sources are 50 mCi, 300 mCi, 88 Ci, and 5080 Ci. A motor-driven cart on rails allows detectors to be positioned various distances from the source, thereby providing various intensities. A 200-cm-thick lead collimator clock with interchangeable collimators is mounted on this cart. 
RESULTS AND DISCUSSIONS
The facilities described'2,'3,4 have been used to calibrate many different types of detectors and detector systems. Examples of typical calibrations in the energy region of 109 eV to 100 keV for three different types of detectors are given in figures 13 and 14. Figure 13 is a calibration curve for a silicon-surfacebarrier-semiconductor detector having a 500 micron depletion depth. The solid line is a calculated response while the points represent experimental data. The calibration curves for a windowless gold cathode x-ray photoelectric diode detector and a detector consisting of a 2.54 cm thick Pilot B plastic scintillator coupled to an FW114A photodiode are shown in figure 14. These three detectors are representative of some of the different types of detectors which have been calibrated using the facilities described. More detailed reportss56,7,8 concerning particular detector calibrations are available.
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